An experiment is planned to study the performance of dielectric Cerenkov wakefield accelerating structures at extremely high gradients in the GV/m range. This new UCLA/SLAC/USC collaboration will take advantage of the unique SLAC FFTB electron beam and its demonstrated ultra-short pulse lengths and high currents (e.g., or, = 20
INTRODUCTION
The accelerating field achievable in conventional radio frequency accelerators is ultimately limited by the breakdown of the metallic accelerating structure. It is well understood that the field sustainable in a cavity increases with the frequency of the cavity [1, 2] . There is considerable interest in following this trend to the extreme optical limit and building dielectric structures powered by high intensity laser beams. Various studies have indicated that GV/m accelerating fields should be possible in dielectric laser accelerators [3] as long as the driving laser pulses are very short [4] . Dielectric accelerators can also be powered directly by high energy charged particle beams via wakefield excitation [5, 6] . This mechanism has been studied in depth over the last several years, but with the maximum fields limited to 10's of MeV/m by the lack of ultra-short drive beams. According to the scaling laws which govern dielectric wakefield accelerators, however, the recently achieved 20 ,um pulse-length beams obtained at 
THEORY AND SIMULATION
A electron beam driven dielectric wakefield accelerator is essentially a unform dielectric tube coated on the outside with a conductor, see Fig. 1 . When an intense electron beam passes through center of the tube its electric field bends at the Cerenkov angle within the dielectric, reflects off the outside conducting layer, and returns to the axis where it can be used to accelerate other particles. The approximate value of the maximum decelerating wakefield produced in a dielectric wake accelerator is give by the simple formula 2Nbremec2 6(1) eEdec,max A/ 2r(7zaE where Nb is the number of electrons in the beam, re is the classical electron radius, me is the electron mass, c is the speed of light, orz is the rms beam length, a is the inner radius of the dielectric tube, and E is the dielectric relative permittivity [7] . It is clear from this equation that maximizing the decelerating wakefield requires maximizing Nb while minimizing or, and a. It should be noted that a must be chosen several times larger than or, to prevent damage to the dielectric from the beam halo.
The predictions of this formula compare well to those of more rigorous analytical calculations [8, 9] and numerical simulations. Using the values listed in Table 1 and choosing or, = 20 ,m and a = 50 ,um, Eq. 1 predicts a maximum decelerating wakefield within the electron bunch of 10.1 GV/m. OOPIC simulations [10] using the same parameters give a a value of 8 GV/m for the peak decelerating field, see Fig. 2 . This simulation also indicates a peak accelerating field of 12.5 GV/m, as shown on the right in Fig. 2 , and a peak field of 22 GV/m at the surface of the dielectric.
EXPERIMENTAL PLANS
Our experiment will be the first in the GV/m regime of electron beam driven dielectric wakefield accelerators and our primary goals are to assess dielectric material survivability and verify achieved wakefield magnitude. Since the experiment will use dielectric tubes with 100 and 200 ,um IDs, we will limit the tube length to a few cm in order to mitigate alignment issues. The energy gained or lost by beam particles can therefore only be on the order of 10 MeV, while the full energy spread of the highly compressed FFTB beam is several GeV. Consequently, energy changes are not resolvable in this scenario. The primary signatures of high field dielectric wakes in the proposed experiments will be detection of material breakdown and measurement of coherent Cerenkov radiation produced in the dielectric.
The proposed dielectric wakefield scenario is unique in that it may produce fields comparable to those in earlier laser breakdown studies. We are particularly interested in differentiating material breakdown in wake-excited, relatively long wavelength (> 50 ,m photon) systems, as compared with optically (laser) excited systems. Quantum absorption of photons to produce free electrons in the material is known to be an initiator of avalanche ionization [4] . This mechanism should be mitigated in the wake experiment, since the individual photon energies are lower than in the laser case, perhaps allowing higher fields to be tolerated. In the case of optically excited fields, the breakdown limit for a 70 fs pulse is less than 2 GV/m in fused silica [4] . By comparison, our electron beam has ort = 67 fs at minimum pulse length and will generate 22 GV/m fields at the inner surface of the 100 ,um ID tube, virtually assuring our ability to find and exceed the dielectric breakdown threshold. We are still investigating whether the background ionizing radiation levels within the FFTB are high enough to significant contribute to the breakdown process. Breakdowns will be diagnose by monitoring the upstream end of the dielectric tube with a high-resolution video camera to look for optical emissions associated with the breakdown events. We will also examine the dielectric tubes after the run to analyze structure damage from breakdown.
The quantity and spectral distribution of the Coherent Cerenkov Radiation (CCR) produced in the dielectric as part of the wake excitation process will give an independent indication of the wakefield strength. The total amount of energy radiated as CCR is approximately eNbEdec,maxLd/2, where Ld is the dielectric length. This energy is distributed over narrow spectral lines of wavelength An -4(b -a) X-1/in, where n is an integer, and the energy in each line is approximately proportional to n up to the roll off wavelength An-V 2wu [7] . Using the peak field parameters from Fig. 2 we find that 150 mJ of CCR will be produced under these condition with spectral lines at 633, 316, 211, 158, 126, and 106 ,um. This THz CCR will have about 5 times the intensity of coherent transition radiation emitted from the surface of the tube end [7] . The CCR will also have a very different spectrum from the coherent transition radiation, which allows for easy differentiation. The CCR exiting the end of the dielectric tube will be detected by in vacuum pyroelectric de- transport the THz radiation and the associated problems of accurately calibrating the transport efficiency. The amount of CCR delivered to the detectors will be increased by using a launching horn, similar to those used in microwave antennas, which is just a -100 metal cone placed after the tube exit, see Fig. 1 and the top of Fig. 3 .
The dielectric tubes for this experiment will be modified from off the shelf synthetic fused silica capillary tubing (E _ 3), which we were able to purchase in 100 and 200 ,um ID sizes. Samples are being prepared from this bulk product by cutting pieces to length, removing the outer polyimide jacket, polishing the cut ends, and coating the outside of the tube with vapor deposited aluminum. As can be seen from Fig. 3 , we have thus far cut and stripped the tubes and are now experimenting with polishing procedures. Multiple samples will be packaged together for the experiment in a modular mounting block. The mounting block is 1 cm wide by 3 cm long by 0.5 cm high and is designed to hold 10 samples with 2.5 mm center to center spacing. A prototype of the mounting block has recently been produced by our machine shop at UCLA, see Fig. 3 . From the experimental point of view our sample holder design provides significant flexibility. We can either use several interchangeable sample blocks or, since both tube sizes have the same 325 ,um OD, we can have one block containing samples of both sizes. The mounting block can also be scaled to accommodate samples of different length.
Our plan for executing the experiment is to move the dielectric tubes onto the established beam orbit rather than trying to steer the beam through the tube. To accomplish this the tube sample mounting block will be placed on motorized optics mounts and stages to provide all the necessary degrees of freedom. The final mounting block design will also incorporate a series of "dummy" holes matched to the dielectric tube size. By passing the beam through the metal walled "dummy" holes and monitoring x-ray emissions downstream we can ensure that the beam halo is small enough to fit through the dielectric tube. Once beam propagation through the dielectric tubes is established we will vary the wakefield magnitude by adjusting the beam pulse length and search for the breakdown threshold. This experiment will be repeated for samples with different tube IDs and lengths. CCR data will also be collected. Individual tube samples will be systematically exposed to different field levels for a later study of differences in surface damage.
